I. INTRODUCTION
Complex fluids with properties such as anisotropy and heat flow, can often be modeled by several component perfect fluids in relative motion [1] [2] [3] [4] . The components can be real separate fluids with different properties or, as Andersson and Comer [5] have suggested, could separately model the properties of a single fluid. Multi-fluid models are used to describe small astrophysical systems [6] [7] [8] [9] [10] as well as systems, like our Universe, that contain multiple matter content. That content appears in combinations of radiation, particle matter, dark energy, dark matter, and other more exotic materials, [11] [12] [13] [14] [15] [16] and is also useful in relativistic fluid dynamics [17] [18] [19] [20] [21] [22] . While three and higher [23] [24] [25] [26] composite fluid models have been suggested, the simplest anisotropic composite stress-energy is written as a sum of two perfect fluids. Letelier [1] suggested a way of combining two perfect fluids that provides an anisotropic fluid with no heat flow. His model is enforced by an assumed relation between the component equations of state. The method will accommodate heat flow without this assumption [17] , but there is an equation of state for the composite fluid that represents a generalization of the usual pressure isotropy condition [27] [28] [29] . How the fluid parameters of the composite are driven by the parameters of the component fluids is important, given the recent interest in shear-free perfect fluids [30] and the shear-free fluid conjecture [31] [32] [33] [34] [35] .
With the increasing use of multi-fluid models, understanding the effects caused by component fluid motions can provide insights to the origin of composite fluid velocity components such as shear, expansion, and vorticity.
In this paper we construct shear-free composites from perfect fluids and examine how the composite fluid stress-energy and metric depend on the component fluid alignment.
The component fluids are combined using the Letelier method with an alignment condition and this is briefly reviewed in the next section. The component/composite fluid parameters and stress-energy are connected to the metric for the containing spacetime. In the third section, we consider two metric examples. The first metric is taken from the Stephani-Barnes solution family [36] and uses two shear-free components. The second example describes a simple rotating spacetime and its concomitant vorticity. Three Appendices relating the composite/component fluid properties are provided.
II. TWO FLUID FORMALISM WITH ALIGNMENT Transformations and Composite Stress-Energy
Consider a manifold which contains two perfect fluids and metric g ab . A composite stressenergy for the perfect fluids is
A single non-perfect fluid stress-energy tensor can be constructed by transforming the two 
The normalization factors are
requiring Υ a U a = 0, Υ a spacelike and U a timelike.
The overlap,
a , between the component four-velocities is assumed constant. Substituting U (1) a and U (2) a from Eq.(3) into stress-energy Eq.(1), the composite stress-energy is
with components
The anisotropic stress is P , and Q a is the heat current associated withΥ a . Letelier [1] defined B = ε 2 +p 2 ε 1 +p 1 in order to zero the off diagonal stress-energy heat flow term, leaving a 1-parameter description of the composite fluid. A convenient way to define B that maintains the heat flow is B = tan α 0 [17] . With this choice of B, the velocity overlap equation, Eq. (5) can be rewritten.
The fluids are aligned when α = α 0 . To maintain the spacelike/timelike nature of Υ a * and 
Eq. (9) is an identity in term of the component parameters and imposes no component conditions. It can be used as a differential equation for the metric functions or replace the field equation for the heat scalar. The two functions, C 2 (α, α 0 ) and S 2 (α, α 0 ) are related to the normalization constants
For α = α 0 , the equation of state gives the isotropic stress result, P = Π. The size of the stress anisotropy rises as the fluids become more and more unaligned. When the field equations are substituted for the fluid parameters, this equation of state provides a generalization of the metric condition imposed by stress isotropy [27] [28] [29] . The stress-energy following from the field equations is implicit in the equation of state, but it can be useful in providing an alignment related differential equation for the metric potentials, or used to replace a field equation. In the next section we give two examples.
III. METRIC EXAMPLES
Stephani-Barnes metric
In this section, we consider the spherically symmetric metric in the Stephani-Barnes [36, 37] family and examine the properties of the composite fluid that could result from two shear-free perfect fluid components with a velocity in the radial direction.
The single composite fluid has a co-moving four velocity
The composite velocity is shear-free with expansion θ = −3L/N. From Eq.(3), the component four velocities that can build the composite are written as
with
While the composite is shear-free, the component velocities, with spatial components, in general have shear. Choosing Υ a in the radial direction, the component fluid velocities are
For this velocity the shear tensor components of the component fluids all depend on the same term
For the components to be shear-free, N(t, r) must be separable, with form
Absorbing the factor N(t) into the time coordinate, the metric that could contain shear-free components with radial spatial velocities is
This metric is a special case of a metric considered by Sussman and reviewed by Krasinski [36, 38] . The metric form in Eq. (17) has been discussed in the literature under a number of special conditions [27] [28] [29] 37 ].
Stress Energy
The field equations provide the composite stress-energy components
Substituting the fluid parameters into the equation of state from the Letelier composition
Eq. (9), one finds
an Euler equation, homogeneous in r of degree −2. The stresses are isotropic. The additional structure in equation ( 
For unaligned fluids the metric function L(t) is an exponential sum depending on the alignment of the two perfect fluids. A simple exponential solution is
β is related to (α, α 0 ) through the equation of state and satisfies the quadratic equation
Positive stress requires 0 < β 2 < 1. This solution does not have an isotropic limit and exhibits a curvature dependence on alignment.
The component fluids
The shear-free velocity components for this example are
with component expansions
In Appendix A, we examine the conditions necessary for two shear-free components to combine in a shear-free composite. One of the conditions relates the composite and component
This is satisfied for these shear-free components, with the C (i) component contributions
cancelling. An interesting insight is that the component fluids can be expanding or contracting due to their C (i) contribution, while the sign of the composite expansion is determined by the metric. A second condition is that the two component fluids must have unequal accelerations along the direction of anisotropy. For the components in this example, the accelerations areU
with clearly unequal acceleration. One of the components could be unaccelerated. For
then the second fluid also has zero expansion and the metric is determined by the alignment conditions.
A Simple Rotating Metric
The second metric example is a simple cylindrical stationary spacetime with metric
The composite fluid will be constructed from two perfect fluids with shear and vorticity.
The motion and stress energy will be decomposed using a comoving tetrad.
The stress-energy of the composite fluid is, with
Since the alignment formalism describes a fluid with a single anisotropic stress, the direction of anisotropy is Z i and there will be heat flow down the axis of the cylindrical system.
The velocity of the composite is shear and expansion free, with vorticity ω rφ = f ,r /2. The component velocities have a component in the z-direction.
and can have shear and vorticity.The standard vorticity definition based on the U (i) a covariant derivative expansion is
The component vorticities could have a time like component with the velocity constraint providing the relation
If the fluids are aligned,
, there is only the single composite vorticity, ω rφ ,as the components rotate with the composite value.
This description could be compared to the two-fluid model based on momentum [39, 40] .
In these models the fluid current, n (i)a , and momentum µ (i)a , are defined in terms of the component velocities and currents
with B (1) and A (12) constants of the formalism. The vorticity is based on the momentum and, for i = 1 (fluid x in their notation) is defined as
For the simple stationary metric of this example with only r-dependence, the momentum based vorticities areω We have focused on the composite fluid produced by combining two perfect fluids. However, the inverse Letelier expansion of two perfect fluids, in terms of the composite four velocity and anisotropy vector, can be related to a potential representation. For example, Schutz [44] , expanding the minimal set of Clebsch potentials, introduced a six-potential representation for a perfect fluid four velocity.
is the specific inertial mass. s is the specific entropy. C (usually called θ), is the thermasy of Van Danzig [45] , α c and β c are the Clebsch potentials [44] needed for a fluid with vorticity. In the Letelier expansion, each of the component velocities for the anisotropic fluid is expanded with a minimal vector set related to the component fluid alignment.
Combining the Schutz potentials with a multifluid combination method could relate the alignment parameters to velocity potentials and provide a broader multifluid formalism. 
Expanding the derivatives and forming the products with U (2)b and, separately with
we have
Substituting we find the two equations for the acceleratioṅ
For shear-free components the expression simplifies tȯ 
Taking the covariant derivative of U a and expanding one obtains
ab )
Composite Expansion and Acceleration

Expansion
Taking the trace of Eq.(B2), the composite and component expansions are related by
The acceleration follows from the covariant derivative and we have
Using the transformation equations to generate the velocity dot products, the acceleration can be rewritteṅ
+ sin 2 αU
When the components are shear-free, the expression for the composite acceleration simplifies, with the vorticity as well as the shear terms vanishing. To see this, consider the symmetric and antisymmetric combinations of Eq.(B2):
The acceleration can be obtained from either the symmetric or the antisymmetric equation.
Using both will provide the vorticity relation. First using the symmetric combination, multiplying by U b we have
Using the equation for U b in terms of U b(1) and U b(2) , this can be rewritten.
Using the same procedure with the anti-symmetric combination the acceleration involving the component vorticity is found.
For the two results to be equal implies
Substituting for the acceleration velocity product from Eqs.(A3,A4) and combining, the component expansion contributions cancel and we have (ω
If the component shears are zero, this provides a relation between the component vorticities
Substituting for the acceleration/velocity overlaps, the general composite acceleration for shear-free components iṡ
The overlap of the composite acceleration onto the anisotropy vector for shear-free components isU
For expansion-free component fluids, this requires the acceleration and the direction of anisotropy to be orthogonal.
Fluid Shear
The composite fluid shear is the most important of the composite parameters as its form will set the component conditions for a shear-free composite. 
The composite expansion is related to the component expansions, Eq.(B3). Using this we have
Multiplying by the unit vectors
The shear component in the Z a Z a direction follows directly by analogy
For shear-free components, these composite shear components will be zero. First repeating with a Υ b contraction
and then
The last shear component Υ a Υ b σ ab can be calculated and it is where the shear-free conditions
Using Eq.(B3), the expansion terms on the left side of the equation cancel and we have
The shear has zero trace and since σ ab X a X b and σ ab Z a Z a = 0, for shear-free components this requires Υ a Υ b σ ab = 0. A composite shear-free condition is
The vorticity follows from the antisymmetrized Eq.(B7). The Υ a X b contraction is
ab + B sin αω From Eqs.(B17,B19), for shear-free components, the composite shear tensor components are
a ) (C1b)
a −U 
For aligned fluids, U
(1) a = U
a , these are identities with equal accelerations and α = α 0 . Shear-free aligned fluids will produce a shear-free composite but it is isotropic and has no heat flow. For unaligned fluids, two possible conditions are equal or unequal component accelerations. The fluid overlap, ̥, is assumed constant and establishes a relation between the component accelerations. From Appendix A we havė
a U (1)a = (
Equal component acceleration requires θ 1 ̥ = −θ 2 and θ 2 ̥ = −θ 1 . This implies the component fluids are aligned, ̥ 2 = 1. Two unaligned fluids with equal accelerations will not produce a shear-free composite. The fluid accelerations should have non-canceling components along the direction of anisotropy.
